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A bstr act. Simplified but highly reproducible extraction and electrophoretic procedures
have been developed for plant stem and leaf proteins using recent chemical and technical
advances. The method is applied 'to the separation of the basic, water-soluble proteins found
in stem and leaf tissues of 3 Dianthus clones. While most of the highly reproducible protein
bands appear in all 3 selections. and many are also common to both leaf and stem tissue,
others are characteristic for the variety or tissue.

Duriing studies on stress physiology the protein
fraction of mature green tissues became o,f par-

ticuilar interest. While studies into. plant protein
metabolism have recently intensified, the extraction
and separation of the protein fractions frequently
presents seemingly formidable problems, this being
especially the case with mature green tisstues. It
was founid that, for our material, none of the avail-
able techniques gave reliable extraction and identi-
fication procedures. Tihe relatively recent intro-
duction of certain protective reagents has permitted
the development of successftil extraction methods,
which e have found to yield stable an'd repro-

(lucible protein fractions, whi,le avoiding suchi ex-

treimie (lehydration procedures as lyophilization.
The instalbility of proteins from green tissue is

olf general knowledige. The problem has been re-

viewed and in some cases, soluitions siggested
(11, 12). Using electrophoresis and variouis extrac-

tioni techniques, proteilns have beeni isolated from
green tissues of beanis (13), wheat (8, 15), aind
peas ( 14).

Loomis and Battaile (6) thoroughly reviewed
the uise of insolulte PVP (poilyvinylpyrrolido,ne)
foXr the removal of plant phenols and quiinones from
extracts. Using this compound as an additive, they
successfully extracted peppermint, thistle, an(l apple
leaf proteins. Cleland (2) described tihe ulse of
ditliothre,tol as a protective agent for the stilfhy-
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dryl groups of enzynmes anid this compou1nld has since
been used suiccessfully in the solubilizaition, isotlation,
and activation of a nuiimber of protein components
(1, 5, 9). With 'the use of such protective ageints
as these, it seemed possible to produice plant protein
preparations o;f high qulality and stability.

Materials and Methods

After a careful screening of many plant generai
anll s,pecies, 3 selections of Dionthuts were cho.sen
as the resea-ch material: Dion thus caryophvylls L.
'Scan;ia, D. c,.i(rvoPhnlsli PI 303284 (thereafter re-
ferred to as \Wyoming clone), andl D. pl?u11uwiriuls L.
These selections were easily grown under growtlh
chamber coln(litionis, field ctultivaltion, and greenhlouise
cuiltuire. The semi-woody stems allowed fo,r easy
macerat on an(l t,he evergreeni character of the leaves
increased the scope of use over deciduouis material.
Althoulgh ithe stems as well as the leaves are green,
the latter have more chlo,rophyll.

The plants for this study were gTrown undcler long
photoperl:odls in air-conditioned greenhouses. The
minimutm teml)erature was 100. Identical cuiltuiral
methods were used for all iplants.

Stem tissuie was selected from the non\s oodIV,
terninial 2 to 8 cm of the shoots. Trhe leaves
samlpled wvere fro,m tfhe same terminial shoo,ts, btut
only fully expanded leaves were uised. 'I'he tissuie
wvas prepared for electrojphoresis by the following
lrocedtlre: I) Extraction: (all steps conducted at
40). A) Extraction soluition: 1) 10 g leaf ti,ssue
or 7 g stem tissiie (fr art). 2) 0.1 M Hepes buiffer
at pH 7.3 to 7.4. 3) A minimlm concenitration of
0.1 mar dithiothreitol. 4) 2 to 3 g insolulble PVP
(Polyclar-AT powder, Generall Aniline Film Cor-
poration) per g of tissue, i.e. enouigh Ito make a
heavv sluirry. B) Grind lby hand in a mortar and
pes,tle. C) Strain throuigh fine acetate cloth; re-
extract tw\ice w\i,th buffer: acld approximately 1 g
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PVP. D) Centrifutge at 20,000 X g for 30 mintutes.
E) Decant in-to dialysis tutbinig ('previously soaked
in 10 mM EDTA and rinsed in water).

II) Dialysis and concentration at 4°. A) Dia-
lyze against 0.05 M tri,s-glycine buffer at pH 8.9
for 6 hours. Change rsolution at least twice. B)
Concentralte against Aquacide I or II. C) Re-
plenish dithioth'reitol 'to maintain a minimtum 0.1
mM concentration.

The total procedure including electrophoresis
and destaining required 2 days. The extra,cts re-
mained a pale green throughout all the steps. If
PVP and dilthio-threitol were not included in the
procedure, the extracts became amiber to brown in
color within a few hours. This was especially trule
of the leaf extracts and changes in bianlding were
evident. In a;ll casets the extract was electro-
phoresed within 24 hours after extraction.

Hepes 'buffer alt pH 7.0 to 7.5 was tised initially
because of its superior qu,alities at this pH (4).
The pH must be kept 'below 7.5 for the PVP to be
effective in absorbing 'the phenol,s (6). Duiring
diallysis, tris-glvcine buffer was uised becauise the
buffering capacity is high at pH 8.5 to 9.0.

T'he final volume of extract was 2 mil, which
contained approximately 15 to 25 mg of stem protein
or 20 to 30 mg of leaf protein. From 200 to 1000
,ug of protein was applied to a gel. The protein
was estimated by the Folin reaction (7).

The electrophoresis was adapted from Ornstein
and Davis (10). All gels were cooled to 4° before
the protein extracit was applied and all suibsequient
steps were conducted at this temperature. The gels
were larger than the standard gels, the length of
the running gel being 8.5 cm. This was preparedl
and rtun in plexiglas tuibes 10 cm long andl slightly
less than 7 mm ID. The plexiglas tuibes allowed
for easier removal of the gels and were more
convenient to handle than the standard glass ttubes.
No sample gel was uised, the protein extract being
placed directly on t'he spacer gel and layered with
reservoi'r btuffer. T'he concentrated proteini extract
wou'lld often deform the surface o'f the spacer gel;
this was completely prevented by preparing the
spacer gel with 20 % suicrose soluition. Electro-
phoresis was conducted at 4 ma/tube for approxi-
mately 3 hoturs or untiil ithe marker protein was less
than 1 cm from the bottom of the gel. Using our
equipment, 48 gelis cotuld 'be conveniently run simuil-
taneously.

Gels were stained 'immediately for 1 houir in
0.5 % aniline blue black. The gels were destained
electrophoretically 'by applying 12 vol,ts and 10 amps
to 24 gels simultaneously in a speciailly desgned
apparatus that circu;lated 7 % acetic acid arouindI the
gels and through a charcoa,l filter.

The leading protein band (RF 100) was present
in all preparations and was visible without staining.
Since the 'location of 'this band was highly deplend-
able as checked by bromophenol blue marker dye
and the ban'd invariably aippeared as a major band

after staining, it was used to calculate RF values.
RF values were estimated visualily using a caliper.
This 'method proved to be reproducible within
0.5 RF value. The bands also were grouped into
major and minor ban'ds according to 'their relative
in'tensity in a gel (3).

For gels that had weak banding, a technique
was devised to intensify the bands by dehydrating
(shrinking) the gel with glycerol. Gels were
placed in 100% glycerol in 10 dram capped vials
and shaken overnight. If further dehydration was
desired, the gels were placed in fresh glycerol and
further dehydrated.

The gels were photographed using Ansco Ver-
sipan film, an adjtustable fluorescent-lighted back-
grotund and no filters. It was not possible to
photograph an entire gel and retain the resoltution
of all the bands, for the minor bands were usulally
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FIG. 1. Gels showing protein bands from stem and
leaf tissue of 3 Dianzthus clones (W-D. carophyllus, a
selection referred to as Wyoming; S-D. caryophyllus
'Scania'; P-D. pluiizarius). Note the marked similarities
in banding, especiailly the presence of the leading pro-
tein band which was used to calculate RF values. Many
of the minor bands are not visible in these photographs.
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not visible tunless the restricted area containing the
bands of interest was specifically photographed.

Results
and Discussion

Figtires 1 and 2 showx- gels witih bands obtained
from the leaf and stem proteins of alll 3 clones of
Dianthas. As many as 28 bands were distinguish-
able within a gel, and generally a minimum of 20
bands could be clearly resolved. At least 9 bands
(RF 100.0, 57-58, 54-55, 51-53, 44-46, 16-18, 14-16,
4-6, 1-3) occurred in all the gels regardless of the
tisstuc or the clone. Whille the relative intensity of
these bands was constant for a tisstue or a clone,
differenices between clones and tissues did occur.
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1 tr(;. 2. A graph of protcin blands fromii stem and(

le,af tissue of 3 D)ianthus cloies (\W-D. cryophy/llns, a
selection referred to as \Wnomino; S-I). carvophlyills
'Scania'; P-). pl/n no;iils). C)Onl thiw miaJor b inds (solid
lines) andI somle of the important minior bands (brokcii
linies) are sho-wnl here to simplify the figure. Note the
hand, that are specific for a tisstie or a clone.

At least 4 additional bantds (RF 94-95, 71-72, 66-69,
21-23) were seen in all the ge,ls of the stem tissues,
althoutgh these were also presenit as very minor
bands in so,me of tihe gels of leaf tissue. Major
bands (RF 30-31, 24-25) were seen in all the gels
of leaf tissue, but tihese appeared only as minor
band,s When present in stem tissute. Thelse similari-
ties in,dicate that many soluble proteins of the leaf
and/or stelm tissuie of these 3 clones are similar,
if not identical.

Clonal differences in banding allso were observed.
Trhese differences were primarily with the minor
bands, however some major band differences were
evident (figs 1 and 2). A band of relatively high
mobility (RF 77-79) was particuilarly apparent, for
this protein occurred iin all the \Vyoming tissues butt
was either not present or only very weakly presenit
in the tissuies o,f the other clones.

A large green ban,d (RF 44-46), which stained
dark bltie Nivth the protein stain, wras seen in the
gels of D. caryophivlluis 'Scalia' leaf extracts. A
band w%Nith the same RF wx as present in a1l the
stailned gels ibut of mtich lower intensity in the gels
of the stem tisstie. Bands o,f lowN mobility (especi-
ally RF 14-16) which have been su-ggested to he
fraction I protein (8, 15) wxere also present in all
gels.

The differences in banding couldl not be attrib-
uted to differences in the amouint oif protein applied
to a gel 'because increasing the amotint of protein
above a minimulm affected main,ly the intensity of
the bands, not their presence. This was truie of the
major bands and most of the minor bands, however
some minor bands tlid vary with 'the amouniit of )ro-
tein added to a gel. Increases in the amotunt of
protein would catise a considerable increase in the
background coloration, obscutring the mnilnor baands.
Those minor bands close tio major bands were easily
otbscuired. For these reasons a conicenitration series
of an extract was routitinely uIsed (uisually 300-1000
,ug) to accurately determine the total bandillng
liresent.

Tihe RF, of a band was niot affected by the
armount of protein applied to a gel. T'ihis was 0111oN
trtie wlhen the leadinig ed(lge of ithe bani-d was uised to
calculate the RI,. If the ceniter of the balnd wk,as
used for RI, (leterminiationi, considerable variance
in 'the RF reSuIltC(e wN-ith cr1ianges In the amouint of
protein applie(l. 'his effect was the rexlult of
changes in band willdth.

Little resoluttion was lost wheni tting the long-er-
gels. B3ands of very low mobility, ws-hicll in the
shorter gel remniuiedl very ci() ee to the s'pacer gel,
were separated. Blands lhaving small ( ffereiicc. III
I1Z, v alu;es vx cir- ettCprtte(l lv (greater d Kin;c,
malking for more precise Rt. dleterin1iltton.

In those gels x here the bantilding xva.l very xx.cak
dehydration ( '.hrin,kg) .,-f h"le glp r ved vaitbl; e
(f:g 3). This (11(1 ne>t altelr the RK -. ti;es, 0an(d in
fact ma(le tlhemii easier to (IC' el-n ilc heCl1l1e the
balnds \x-ere sharper and(I th:uI;er. In sonic ils,tanllces.
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Such dependability in the RF values is the resuilt of
stable protein preparations and the established con-
stancy of the gel electrophoresis.

Wiith the succe'ss-frl extractiorn and separation of
plant leaf and stem proteins, many further exten-
sions of the technique are indicated. Studies on the
specific enzyme components and the influtence of
environment on their turnover and synthesis are
highly feasilble. Investigations of other components
such as the acid-soluble fraction are needed. These
adaptations of 'this techniqtue will be the basis for
further papers in the series.
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FIG. 3. Gels showing the intensification of banding
by dehydratiion (shrinking) of the gel in glycerol. The
gel on the right was dehydrated for 4 hours in 100 %
glycerol. No change in RF values was apparent, but
the banding was markedly intensified. Note the in-
crease in b-ackground coloration with shrinking. Both
gels initially had the same amouint of protein applied.

dehyd,ration permitted identification of b)ands that
could not be seen in the utndehydrated gels. Pos-
sibly these bands widened considerably during a
run anid thuis the shrinking of the gels intensified
them enough to be visible. This was applicable only
to those gels that were low initially in background
coloration for the backgroun,d was strongly intensi-
fied in the process. Bands of very close RF values
often became difficult to resoilve when the gel was
dehydrated: It has become a common practice in
this laboratory to prepare both dehydrated and non-
dehydrated gelis since the 'benefits of both can then
be realized.

The total banding was highly reproducible
(fig 4). The variability in RF valutes of the bands
of a clone or tissue within a run was lless thani
± 0.5 RF value. The variabiliity ibetween runs was
less than + 1 RF value. This high reproducibility
was al,so shown in the ability to constantly detect
those bands common to al'l the gels witihin 2 RF tunits.

FIG. 4. Gels of leaf tissue extracts of the Wyoming
selection of Dianithuis caryophyllus showing the reproduci-
bility of the mnethod. The first 3 gels are from the
same extraction and electrophoretic run, the fourth gel
(right) is fron another extraction and run, performed
7 days after the first. Note the close agreement in
band location and intensity.
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